Diabetes mellitus is one of the most common diseases of the body's endocrine system; and despite great progresses in its controlling in pregnant women the risk of birth of abnormal babies in these patients is significantly higher than healthy people. Now, the original and effective treatment of diabetes is consumption of insulin and glucose-lowering chemical medicines. But, these compounds have numerous side effects. According to this, consumption of medicinal plants in order to reduce the complications of the disease during pregnancy period is recommended. So this study is aimed to investigate possible morphological changes resulting from administration of the extraction of Panax ginseng root on ovarian tissue changes of three-month-old-rats born to diabetic mothers. A number of 32 adult female Sprague-Dawley rats approximately weighing 200-250 g were prepared and divided into four groups of eight each that included: healthy control group (the rats were kept without receiving any material), diabetic control group (the rats received 50 mg/kg Streptozotocin as intraperitoneally), ginseng control group (the rats received 400 mg/kg oral dose of Panax ginseng extract) and ginseng treatment group (the rats received 50 mg/kg dose of Streptozotocin as intraperitoneally and 400 mg/ kg oral dose of Panax ginseng extract). After becoming pregnant and passing from this period, a number of five three-month-old female rat infants were selected from each group. The animals were then dissected and their ovarian tissues were removed for tissue studies and H-E staining. Number of primordial follicles in diabetic control group had significant reduction compared to healthy control group. Also the number of primordial follicles in ginseng control group had significant increase compared to diabetic control group. Diameter of primordial, primary, secondary and graafian follicles and corpus luteum had significant decrease compared to the healthy control group. Also the size of primordial, primary, secondary and graafian follicles and corpus luteum had significant increase in ginseng control group compared to diabetic control group. The size of primordial follicle in ginseng treatment group had significant increase compared to diabetic control group (p<0.05). Given the above, it is found that the number and the size of ovarian follicles in three-month-old infants born to diabetic mother rats had reduced due to production of free radicals as well as induction of apoptosis; and Panax ginseng extract, due to its antioxidant compounds and also its apoptogenic properties, had improved changes of ovarian tissue in infants born to diabetic mother rats.
Diabetes mellitus is one of the most common diseases of the endocrine system and it occurs due to lack of cellular uptake of blood glucose resulting from decreased secretion of insulin and/or resistance of cells to insulin 1, 2 . The disease has two types including, insulin dependent (Type 1) and non-insulin dependent (Type 2) diseases. Diabetes causes numerous complications such as nephropathy, neuropathy, retinopathy and atherosclerosis. Neurological complications are late complications of diabetes that causes numbness in the lower limbs of the patients 3 .
Despite great progress in the control of diabetes complications in pregnant women, the risk of birth of abnormal babies still significantly high in those patients compared to healthy people 4, 5 . According to available hypothesis, there is a positive relationship between poor diabetes control in early period of pregnancy and important congenital anomalies. Some of these anomalies include: hypertrophic cardiomyopathy, meningocele, anencephaly, as well as abnormalities in central nervous system (CNS), spinal cord, urinary tracts and reproductive systems [6] [7] [8] [9] 2014) . High blood glucose levels in pregnant mother causes higher transmission of glucose to the fetus and increased secretion of insulin in its body, resulting in increased fat storage and an abnormal enlargement of the fetus body that is called Macrosomia [10] [11] [12] [13] [14] [15] . It can be said with regard to the results obtained from these studies that diabetes control in pregnant mother is essential and necessary to prevent from occurrence of such complications.
The original and effective treatment of diabetes is consumption of insulin and glucoselowering chemical medicines. However, these compounds have numerous complications. So, it seems necessary to access to compounds that can reduce blood sugar with minimal side effects during pregnancy period and also with minimal side effects on the fetus. Due to the fact that the medicinal plants have fewer side effects than chemical medicines, researchers have been searching for herbal combinations to treat and/or prevent from the disease 16 . Panax ginseng, which belonging to the Araliaceae family, was used in this study. The root of this plant contains a type of steroidal glycoside called ginsenoside. Ginsenoside with the scientific name of Saponins Trip Terpenoid is also known as panaxoside in Panax ginseng root 17 . Numerous studies have been conducted about anti-diabetic effect of this plant [18] [19] [20] [21] [22] [23] [24] . Ginseng root has been used for centuries toward improvement in memory function, reduction of stress and improvement of impotency, weakness, and other symptoms caused by aging, as well as for increase of life time 17 . It was stated about the effects of ginseng on changes of ovarian tissue in mice undergoing chemotherapy that its extract respectively results in increase and reduction of the number of ovarian and atresia follicles in the group undergoing chemotherapy and as a result will reduce sexual activities (Nazari et al. 2014).
According to the above, this study is aimed to investigate the possible histomorphometric changes resulting from the administration of the extraction of Panax ginseng root on changes of ovarian tissue in three-monthold female rat infants born to diabetic mothers.
METHODS
A number of 32 adult female SpragueDawley rats approximately weighing 200-250 g were prepared and after selection of the rats as well as obtaining of required adaptation, they were kept in new conditions and in standard cages for 10 days. The first group: the rats in this group were not diabetic during the study and did not get Panax or red ginseng extract (healthy control group). The second group: the rats in this group became diabetic during the study. But did not get Panax or red ginseng extract (diabetic control group). The third group: the rats in this group were not diabetic during the study, but they received 400 mg/kg body weight oral dose of Panax ginseng extract (ginseng control group) 18 . The forth group: the rats in this group became diabetic during the study and they received 50 mg/kg dose of Streptozotocin as intraperitoneally and 400 mg/kg oral dose of Panax ginseng extract (ginseng treatment group) 18 .
Induction of diabetes in rats
Streptozotocin was used for induction of diabetes in this study. A dose of 50 mg/kg body weight of this medicine was injected intraperitoneally [26] [27] [28] . Blood sugar test was performed before injection and 24 hours after that time to confirm diabetes and this process was done again 10 days after injection for confidence from the establishment of the disease. Blood samples were obtained from rat tails through small incision in this organ. Diabetes level was measured through glucometer device. Blood sugar higher than 250 mg/dl was considered as the criterion of catching diabetes 29 . 
Extraction Method
After preparing the raw roots of Panax ginseng from market, they steamed at 100 ÚC for two hours. The roots were then dried at 60 ÚC. The resulting product is called red ginseng [20] . The red ginseng roots became powder with an electric mill. 1000 gm of red ginseng root powder were soaked in two liters of ethanol 90% and were kept in refrigerator for 5 days while this mixture was daily stirred. After five days, the resulting solution was passed through a paper filter and dried in an oven at 37 ÚC 18, 30 . The required amount of dried powder of red ginseng extract was daily dissolved in water and the animals were fed by it through special stomach tube.
Followed by division of the rats into four groups of 8 each, the rats in the second and the forth groups became diabetic by intraperitoneally . Followed by stabilization of diabetes (high glucose level and urine volume), the rats with respect to expansion of vagina were placed beside male rats for fertilization. At the end of pregnancy period, the mother rats had normal delivery. Five female rats born to these mothers were killed at the end of the third month, painlessly and humanely. Then their ovaries removed and were studied in continues. At least 5 rats (infants) in different groups were investigated for microscopic studies. Tissue sections were prepared serially from ovaries in all the studied groups for histomorphometric studies. The prepared slides were stained with Haematoxylin-Eosin stain (H&E stain). Histomorphometric studies were done using Olympus BX51 microscope and Olysia software.
The number and diameter of ovarian follicles as well as the size of ovarian capsule and the ratio of cortex to medulla were examined. The obtained information were eventually evaluated using oneway analysis of variance (one-way ANOVA) and Duncan tests (significance level P<0.05).
RESULTS
According to the figure 1, the number of primordial follicles had significant reduction in diabetic control group compared to healthy control group at 5% level. A significant increase was also observed in ginseng control group in terms of the number of primordial follicles compared to diabetic control group at 5% level, which showed the positive effects of Panax ginseng extract on improvement of tissue complications of diabetes. According to the Figure 2 to (5) the number of primary, secondary and graafian follicles and corpus luteum reduced in the experimental groups compared to healthy control group. These changes were not statistically significant at 5% level.
According to the figure 6 to 10, the diameter of primordial, primary, secondary and graafian follicles and corpus luteum had significant reduction compared to healthy control group at 5% level. This showed a negative impact of diabetes on changes of ovarian follicle sizes. Also the sizes of primordial, primary, secondary and graafian follicles and corpus luteum in ginseng control group had significant increase compared to diabetic control group at 5% level. The size of primordial follicles in ginseng treatment group had significant increase compared to diabetic control group at 5% level, which showed the positive impacts of the extract on improvement of diabetes complications in ovaries of three-month-old female rat infants born to diabetic mothers.
According to the figures 11 and 12, the thickness of ovarian capsule as well as the ratio of cortex to medulla in the experimental groups did not have significant changes compared to healthy control group.
DISCUSSION
It was stated in researches that maternal diabetes can cause changes in histomorphometry of fetal and neonatal ovaries, so that the ovarian volume and number and diameter of the ovarian follicles will be affected and this causes irreversible damages on reproductive system of the infants born to diabetic mothers. It was also stated that diameter and weight of ovaries and thickness of ovarian capsule reduce in diabetic groups (10-15, 31-33), which is consistent with the results of this study. Garris et al. reported that diabetes causes atrophy in the ovarian follicles 34 . Other studies stated that increased apoptosis as well as destruction of germinal vesicles in mature phase of oocytes and ovarian is observed in maternal hyperglycemia and hyperinsulinemia models, which shows negative impacts of diabetes on development of ovarian follicles 35 . Previous studies also stated that maternal diabetes causes increased apoptosis in ovarian and oocytes due to increased level of Cytochrome C and impact on cumulus cells [36] . It is also possible in the present study that reduced diameter and number of follicles to be due to the enhancement of apoptosis resulting from diabetes incidence, which is consistent with results of pervious researches. As the results of this study showed, the number of primordial follicles in diabetic control group had significant reduction compared to healthy control group. The diameter of primordial, primary, secondary and graafian follicles and corpus luteum in diabetic control group had significant reduction compared to healthy control group at P<0.05 level, which indicates that diabetes has a negative impact on ovarian tissue as well as on follicles diameter.
It has been suggested in studies that diabetes leads to impaired in ovarian function including changes in follicular growth and decline or lack of ovulation [37] [38] [39] . Moreover, reduction of ovarian follicles, creation of atretic follicles as well as changes of ovarian volume has been reported after histopathological changes in the ovaries 40, 41 . Examinations on impact of diabetes on ovarian tissue showed that the disease can reduce the number of oocyte microvillus and make the transparent membrane and the thinner diameter of ovarian follicles 42 . Studies showed that diabetes causes disruption in hypothalamic-pituitaryovarian axis. LH and FSH hormones levels will reduce and the ability of the ovaries will also reduce to synthesis sexual hormones (estrogen and progesterone), due to this disorder. It was also stated in studies that reduction of pituitary gonadotropins can lead to induction of apoptosis 37 , which is followed by reduced performance of follicles and ovarian tissue. So, the diameter and the number of ovarian follicles will also reduce. Moreover, diabetes has degenerative effect on oocyte follicles and inhibits sexual maturation of oocytes and also reduces sexual follicles due to production of free radicals [43] [44] [45] . It is also possible in this study that reduced diameter and number of ovarian follicles to be due to disruption of sexual hormones and also enhancement of reactive oxygen species, which is consistent with results of previous researches.
Other studies showed that due to disorder in mitochondrial performance as well as reduced energy level, diabetes causes changes in ovarian follicles, and the maturation of oocytes is also declined by it 46 . Due to disorder in mitochondria, diabetes produces anaerobic energy in ovarian follicles that it plays an important role in apoptosis process and creation of reactive oxygen species 46 . It is likely that diabetes in this study also causes disorder in mitochondria and increases reactive oxygen species as well as apoptosis, which seeks to reduce the number and diameter of ovarian follicles and also to reduce the thickness of ovarian capsule and the ratio of ovarian cortex to medulla. This is consistent with results of previous researches.
Studies have found that diabetes leads to production of reactive forms of oxygen, reduce of antioxidant defense system and causes oxidative stress in different tissues 47 . The consequence of oxidative stress is damage to DNA, proteins and lipids, disorder in cellular homeostasis and accumulation of damaged molecules. So, oxidative stress is one of the mechanisms and products of diabetes, which has significant role in occurrence of tissue complications 48 . On the other hand, as mentioned earlier, diabetes and also its final products can also be transmitted from mother to fetus causing an adverse impact on the body organs especially the reproductive system. The results of this study also showed that maternal diabetes reduces the number and diameter of ovarian follicles, which indicates impairment in the ovaries of babies.
The results of this study showed that increased number and diameter of ovarian follicles is observed in ginseng control group compared to healthy control group. Increased number and diameter of ovarian follicles is also observed in ginseng treatment group compared to diabetic control group, which indicates the positive effects of Panax ginseng extract in reducing tissue complications in rat infants born to diabetic mothers.
Studies have indicated that the medicinal properties of ginseng plant are related to its roots. By applying techniques of extraction, constituents of ginseng roots have identified and it has become clear that ginseng roots contain triterpenesaponins, essential oils, polyacetylene, polysaccharides, peptidoglycans, nitrogenous compounds, fatty acids, carbohydrates and phenolic compounds 49 . The most important active ingredient of the plant is sennosides (saponins) which has triterpene structure and the pharmacological activities of ginseng plant relates to this compound 50 . Ginseng is considered as an adaptogenic plant 51, 52 . Adaptogen means herbal products with antioxidant activities which are increaser of the body resistance against stressful factors, trauma, anxiety, etc. 53 . As becomes clear, diabetes causes oxidative stress and programmed cell death; and ginseng due to its antioxidant properties reduces and improves ovarian tissue complications in the treatment groups. Studies have indicated that ginseng has positive supporting and curative effects against testicular disorders caused by some materials such as 8, 7, 3, 2-tetra-chloro dioxin 54, 55 . By its antioxidant activity, ginseng can remove superoxides and by inhibition of activities of hydroxyl radicals and anions, it can prevent lipids peroxidation in cellular membrane 55 . Studies have found that oxidative stress in diabetic conditions has been observed in some polyphenols in animals 56 , which is consistent with the results of this study. This reflects the positive properties of ginseng extract on improvement of the number and diameter of ovarian follicles in treatment group compared to diabetic control group.
As mentioned above, diabetes reduces secretion of these hormones (LH and FSH hormones) and thus reduces maturity of ovarian follicles. So, any factor that can increase these hormones, have treatment effect on improvement of changes of ovarian tissues caused by diabetes. Studies conducted in the past have found that ginseng has impact on the anterior pituitary and secretion of nitric oxide. This impact is applied due to the presence of ginsenosides (saponins). It seems that nitric oxide also impacts on ovarian arteries. Thus, LH and FSH levels will also increase by enhancement of nitric oxide, and vice versa [58] . So this probability also exists in this study that ginseng increases secretion of nitric oxide and this material can release LH and FSH by impact on pituitary gland and thus the number and diameter of follicles will increase.
CONCLUSIONS
Given to the above, this study indicates that due to production of free radicals and also induction of apoptosis, the number and size of ovarian follicles have reduced in three-month-old female rat infants born to diabetic mothers. The extract of Panax ginseng root due to its antioxidant compounds and its adaptogenic properties improves ovarian tissue in three-month-old female rat infants born to diabetic mothers. So, the extract is recommended to use, since it will be able to reduce the complications of diabetes. 
